Abstract: It is of vital importance to examine the relationship between pensions and household consumption/saving because this forms a link between social policy and economic development. Based on theories of absolute income, permanent income, and the life-cycle hypothesis, this paper constructs panel data models to investigate the effect of public pension participation and benefit level on household consumption. Evidence from the China Health and Retirement Longitudinal Study (CHARLS) 2011 and 2013 survey data shows that, compared with those not covered by any public pension program, individuals enrolled in the public pension system tend to consume more within respective income-quantile groups. Moreover, for the retired population, we found lower income groups have a higher marginal propensity to consume than higher income groups. In other words, lower income groups are likely to spend a higher proportion of any increase in pension benefit on consumption than higher income groups. To achieve a virtuous cycle between public pension, household consumption, and economic growth and, thus, a social-economically sustainable development, we suggest that China's pension system should be extended to cover all in the lowest income group, and the benefit level should be increased gradually to secure a stable expectation for the future and motivate current consumption.
Introduction
The dynamic relationship between social security and macroeconomics has long been the concern of scholars as well as policy-makers [1] , since a desirable and sustainable social policy should not only serve for the goals of equity and fairness but also have a sound interaction with the socio-economic ecology in which it is embedded. The public pension system, which takes a large proportion of social spending and covers the majority of the population, has a profound interaction with household consumption or saving and, hence, with macroeconomics. The World Bank holds that the primary goal for pension schemes is to be adequate, affordable, sustainable, and robust; and the secondary goal of mandated pension provisions is to make a contribution to economic development [2] . As a consequence, it is of significant importance to identify the vital linkage between public pension and output growth. During the post-crisis era, governments in many countries hope to increase domestic consumption and economic growth by expansion of social security, which is also the strategy adopted in China where domestic demand is insufficient.
However, the relationship between social security and household consumption or saving is still a matter of debate. Some scholars argue that the pension system has crowded out individual saving. Feldstein, for example, claims that the net impact of the pension on individual saving relies on the 20 to 95 make decisions, to quantify the impact of demographic changes on household savings rates in Japan, China, and India, finding that decreasing family size increases savings rates for China according to model simulations [20] . Lugauer and Mark (2013) study the role of demographics and income uncertainty in driving the savings rate and discover that decreasing family size and increasing old-age dependency ratio contribute to the growth of savings rates; heightened income uncertainty is also shown to be important in boosting the savings rate as households build buffer-stocks of assets to self-insure against spells of low or no income [21] . In contrast, based on CHFS microdata, Lugauer, Ni, and Yin (2015) examine the impact of family size on household saving by constructing a theoretical life-cycle model that includes finite lifetimes and saving for retirement. The results suggest that Chinese families with fewer dependent children have significantly higher savings rates [22] . Moreover, an overlapping generations model with endogenous labor supply has been used to evaluate the welfare effects of pension reforms, such as potential gains and losses across different generations (Song et al., 2015 [23] ).
Although the results vary among different empirical studies and methods adopted, the ways of measuring the public pension effect need to be reexamined: "pension wealth" comes from simulations based strictly on assumptions rather than real data, which may make the estimation biased. In addition, aggregate data may reflect general trends but does not easily uncover individual characteristics. Previous research in macroeconomics to explore consumption and savings, from Keynes onwards, relied considerably on aggregate data with the assumption of "representative consumer" or "average consumer". Deaton shows that the way to better understand macroeconomics more generally is to study the income and consumption of individuals whose incomes fluctuate in an entirely different way to the average income [24] . In addition, selecting either coverage rates, contribution rates, or benefit levels could only reflect one dimension rather than the whole picture of pension systems. Consequently, this paper aims to investigate the impact of public pensions on household consumption from two dimensions, coverage and benefit level, by the employment of the latest two-wave China Health and Retirement Longitudinal Study (CHARLS) survey data. This paper is constructed as follows: firstly, it briefly introduces the development and status quo of China's parallel public pension systems; secondly, by reviewing consumption theories, we construct panel data models to examine whether participation in different pension types and the amount of pension benefits could have an impact on household consumption; and lastly, we discuss the main findings and their implications.
Parallel Public Pension Systems in China
With the great transformation of China's society, China's pension system has changed from a traditional retirement system, also known as the "state-enterprise model", based on the planned economy, to an "old-age social insurance" system based on the market economy [25] . The public pension system has gradually expanded its coverage from the employed population to the non-employed population, and from urban areas to rural areas. Currently, there are two main parallel public pension systems in China: a public pension system for urban employees and a public pension system for urban and rural residents.
Public Pensions for Urban Employees
In 1997, the Chinese government established the Urban Employee's Basic Old-Age Insurance and extended it throughout cities and towns nationally. Since 2005, the self-employed and flexible working individuals have been covered by the public system. The other separate pension system in urban areas, the public pension for civil servants, has been merged into the Public Pension for Urban Employees since January 2015. In 2013, there were about 382.4 million urban employed, among who 241.77 million urban employees were covered by the public pension system, while 80.41 million retirees were claiming pension benefits. From 1997 to 2013, total pension payments increased rapidly from 125 billion to 1847 billion yuan, while the replacement rate of public pension benefit to social average salary of urban employees dropped gradually from 76% in 1997 to less than 44% in 2013 [26].
Public Pensions for Urban and Rural Residents
In 1986, the Chinese government established old-age social insurance for rural residents in pilot counties. In 1992, the Ministry of Civil Affairs issued a basic plan for Rural Old-Age Social Insurance, which was financed by personal contributions and collective subsidies. However, fewer and fewer rural residents participate in the pension plan because of their poor financial capacity and the low level of benefits they received. From July 1997, the policy of "old rural pension" began to fade away. Against a background of population ageing, economic crisis and the process of urban-rural integration, New-Rural Old-Age Social Insurance, in which government subsidies were the main source, was set up nationwide in 2009. For a long period of time, urban residents without work had no access to any public pensions. In July 2011, the public pension system for urban residents was set up and, from then on, the pension system gradually expanded nationally. In February 2014, the state put forward a proposal that the new rural pension system and the urban-residents pension system be merged into a unified system, in order to realize a universal public pension system for all residents in the future. The number of participants has increased from 331.82 million with 87.6 million pensioners in 2011, to 497.5 million with 137.68 million pensioners in 2013. The monthly basic pension benefit provided by the central government has increased from 55 yuan (2011) to 70 yuan (2014) [26] .
Despite a short history, the public pension for urban and rural residents has rapidly expanded the coverage net to people who have no access to the traditional pension system for employees, which has greatly improved the equity of the public pension systems.
Methodology

Theoretical Framework
According to Keynes' consumption function of "absolute income assumption", the marginal growth of current consumption is merely decided by the marginal growth of current income, but displays "diminishing marginal propensity to consume". Later on, assumptions about relevant income, permanent income and life-cycle income flourished. Ando and Modigliani note that people save for the sake of smoothing lifetime consumption and realizing maximum utility through their lifetime [27] . They build the consumption function as follows:
C t stands for consumption expenditure; Y t represents permanent income; and W t represents household wealth assets.
Modigliani also points out that, based on life-cycle theory, the factors influencing savings rates should also include the population structure. In fact, saving behaviors in China could be explained by life-cycle assumptions, and the dependency ratio has had an impact on residents' saving behavior [28, 29] . construct a model of overlapping generations (OLG), in which individuals live for 85 years; individuals make no decisions and depend on their parents for consumption before age 20; individuals from 20 to 63 years old work, raise children, and also transfer a portion of their labor income to current retirees by the pay-as-you-go public pension system; retirees above 64 years old live off their accumulated assets, pensions, and family transfers [30] . They build budget constraints for households with children and retirees subjected to each preference as follows:
c t,j defines the consumption of an agent in decision-making age j ∈ [0, 65] in the year t, where j = 0 corresponds to real-life age 20. Working age people earn (1 + r t ) return on their assets a t,j while contributing τ t proportion of their wages into formal pension systems and transferring τ c as informal family support. The number of dependent children n t,j each consumes c c t,j . The individual's consumption function (Equation (2)) constraints households' preferences to maximize their lifetime utility u t,j , as is shown in Equation (3), where parameter σ is the inverse of the elasticity of inter-temporal substitution while µ ∈ [0, 1] is the weight parents put on utility from children's consumption.
In addition, in the consumption function for retirees, displayed in Equation (4), retirees consume accumulated assets and get financial support p t,j both from pension systems and family transfers. Their utility function u t,j could be maximized subject to the budget constraints. According to their findings, demographic variations including reduction in family size, age composition, and intergenerational transfer could account for over half of the current household savings rate [30] . Feldstein (1974) introduces the variable of "social security wealth", namely pension wealth, and constructs the extended life-cycle model. Afterwards, there are a number of indicators adopted to evaluate pension systems. The World Bank suggests four indicators to evaluate the success of pension systems: adequacy, affordability, sustainability, and robustness [2] . Merci constructs an evaluation system comprising three indicators: adequacy, sustainability, and comprehensiveness, among which "adequacy" includes benefit level, tax support and asset growth, making up 40% of the total weight; "sustainability" consists of coverage rate, contribution and population and so on, contributing 35% of the total weight; and "comprehensiveness", regarding management of the pension fund on the macro-level, constitutes the remaining 25%. This paper focuses on pensioners' perspective rather than macro governance and, thus, we choose the benefit and the coverage as the main measurements.
To sum up, the development of the consumption function has incorporated relevant variables, such as income, assets, demographics (e.g., family size, age structure, and lifespan), social security, and so forth. As a result, we then build econometric models to investigate the relationship between public pensions and household consumption.
Panel Data Models
Panel data analysis is increasingly used nowadays since it has the advantage of minimizing endogeneity that is usually present in cross-sectional analysis, especially when appropriate instrumental variables are hard to find. As panel data contains repeated observations on each individual, it opens up the opportunity to compare the same individual under different circumstances, permitting the possibility of using that individual as his or her own control, so that we can come closer to the ideal experimental situation [31] . In other words, panel data models could be used to diminish the biased influence of unobservable time-invariant variables and, hence, guarantee the consistency of estimators and improve the efficiency of the model.
Combining the theories mentioned above, we construct the basic panel data model with the individual-effect as follows:
Let Cons be residents' consumption expenditure, Inc indicate income, Inc_decile represent income groups with deciles, and Asset represent asset property. The pension is measured in two ways: the enrolment in different pension types and the level of pension benefits, which will be analysed separately in the following sections. Pension enrolment could be regarded as exogenous to some extent, because in China, public pension schemes are regulated by policies according to the Hukou system of household registration and employment status, while participation in public pensions for urban and rural residents is voluntary. For the latter indicator, pension benefits, we try to include income levels, as well as its interaction terms with income groups to eliminate potential endogenous choice of public pension schemes, and to compare the impact of public pensions on household consumption within distinct income quantiles. Demographics include gender, marriage, education, family size, the number of children, Hukou type, and so forth. α i indicates time-constant variables including unobserved heterogeneity, and ε it indicates time-variant and unobservable factors that may predict the dependent variable. N is the sample size and t is the time period.
There are various forms of the panel data model, among which fixed-effect (FE) and random-effect (RE) model are fundamental. In FE models, independent variables are allowed to be correlated with the time-invariant factor α i while they are not allowed to be correlated with the error term ε it . The most frequently used methods to estimate the fixed effect are within-group estimation and first-difference estimation. In RE models, however, it is assumed that α i is purely random, a stronger assumption implying that α i is uncorrelated with the regressors. Estimation is then by a feasible generalized least-square (FGLS) estimator. Advantages of the RE model are that it yields estimates of all coefficients and hence marginal effects; even those of time-invariant regressors can be estimated [32] . Both FE and RE models are based on the assumption that there exist individual effects, otherwise pooled OLS regression should be adopted, especially when regressors are exogenous. Moreover, a standard extension of the individual effects, the two-way-effects model, should be considered when the intercept is allowed to vary over individuals and over time, as demonstrated by Equation (7) below:
where γ t is supposed to be the time effect.
Data and Variables
The China Health and Retirement Longitudinal Study (CHARLS) collects a nationally-representative sample of Chinese residents aged 45 and older. Similar in its questionnaire design to the Health and Retirement Study (HRS) in the US, the English Longitudinal Study of Ageing (ELSA) and the Survey of Health and Retirement in Europe (SHARE), CHARLS is not only internationally comparable with other elderly heath and ageing studies but also reflects the unique Chinese experience. The dataset has been widely used to evaluate elderly's health and economic status, as well as to assess relevant social programs provided to the elderly [33] [34] [35] [36] . The baseline survey of CHARLS was conducted between 2011 and 2012, covering 17,708 individuals in 10,257 households from 28 provinces and autonomous regions in China (Figure 1 ). The latest survey is the second wave follow-up conducted in 2013. including unobserved heterogeneity, and indicates time-variant and unobservable factors that may predict the dependent variable. N is the sample size and t is the time period.
There are various forms of the panel data model, among which fixed-effect (FE) and randomeffect (RE) model are fundamental. In FE models, independent variables are allowed to be correlated with the time-invariant factor while they are not allowed to be correlated with the error term . The most frequently used methods to estimate the fixed effect are within-group estimation and firstdifference estimation. In RE models, however, it is assumed that is purely random, a stronger assumption implying that is uncorrelated with the regressors. Estimation is then by a feasible generalized least-square (FGLS) estimator. Advantages of the RE model are that it yields estimates of all coefficients and hence marginal effects; even those of time-invariant regressors can be estimated [32] . Both FE and RE models are based on the assumption that there exist individual effects, otherwise pooled OLS regression should be adopted, especially when regressors are exogenous. Moreover, a standard extension of the individual effects, the two-way-effects model, should be considered when the intercept is allowed to vary over individuals and over time, as demonstrated by Equation (7) below:
where is supposed to be the time effect.
The China Health and Retirement Longitudinal Study (CHARLS) collects a nationallyrepresentative sample of Chinese residents aged 45 and older. Similar in its questionnaire design to the Health and Retirement Study (HRS) in the US, the English Longitudinal Study of Ageing (ELSA) and the Survey of Health and Retirement in Europe (SHARE), CHARLS is not only internationally comparable with other elderly heath and ageing studies but also reflects the unique Chinese experience. The dataset has been widely used to evaluate elderly's health and economic status, as well as to assess relevant social programs provided to the elderly [33] [34] [35] [36] . The baseline survey of CHARLS was conducted between 2011 and 2012, covering 17,708 individuals in 10,257 households from 28 provinces and autonomous regions in China (Figure 1 ). The latest survey is the second wave follow-up conducted in 2013. Table 1 . 
Results of the Analysis
Descriptive Statistics
According to the CHARLS questionnaire, descriptive statistics of the variables are summarized in Table 2 . Personal indicators of household consumption, income (with and without public pensions), and assets are calculated using total indicators divided by the number of household members. Since income and assets are highly skewed-right distributed, outliers less than 1% and above 99% for personal household consumption, income, and assets are excluded in the model in order to avoid the biased estimation introduced by extreme data. As is shown in Table 2 , means of personal household consumption, income, and assets are 6064.26 yuan, 6669.97 yuan, and 34,539.21 yuan, respectively. The average pension benefit for retirees in 2011 and 2013 is 8298.09 yuan. In terms of participation, the paper divides China's current public pension systems into three categories: (1) the public pension for urban employees, including civil servants' pension and urban employees' basic pension which was established in 1997 and adjusted in 2005; (2) the public pension for urban and rural employees, which is a combination of new rural old-age social insurance (introduced in 2009), urban residents' basic pension (established in 2011) and urban and rural residents' basic pension; and (3) non-participants in any kind of public pension scheme. It can be seen from Figure 2 above 99% for personal household consumption, income, and assets are excluded in the model in order to avoid the biased estimation introduced by extreme data. As is shown in Table 2 , means of personal household consumption, income, and assets are 6064.26 yuan, 6669.97 yuan, and 34,539.21 yuan, respectively. The average pension benefit for retirees in 2011 and 2013 is 8298.09 yuan. In terms of participation, the paper divides China's current public pension systems into three categories: (1) the public pension for urban employees, including civil servants' pension and urban employees' basic pension which was established in 1997 and adjusted in 2005; (2) the public pension for urban and rural employees, which is a combination of new rural old-age social insurance (introduced in 2009), urban residents' basic pension (established in 2011) and urban and rural residents' basic pension; and (3) non-participants in any kind of public pension scheme. It can be seen from Figure 2 that the number of people reported to have employees' public pensions in the survey increased from 477 in 2011 to 1849 in 2013, while the number of people enrolled in the residents' public pension increased from 3138 to 7781. Meanwhile, non-participants decreased rapidly from 9850 in 2011 to 3835 in 2013. 
The Effect of Enrolment in Different Public Pensions on Household Consumption
Based on the theoretical framework discussed above, we construct the two-period panel data model with various forms to analyze the relationship between participation in public pensions and household consumption. Table 3 shows panel models employing methods of pooled OLS, fixed effect, two-way fixed effect, and random effect with robust estimation. The F test in the fixed-effect model suggests that individual effects α i do exist, which means each individual has their own intercept, thus, the FE model is superior to the pooled OLS. When taking the time effect into consideration and constructing a two-way fixed-effect model, we do not find a statistically significant difference between personal household consumption in 2011 and 2013, as is shown in model (3), Table 3 . To further explore whether the individual effect is fixed or random, we turn to the Hausman test, which indicates that we can reject the null hypothesis that the error term is uncorrelated with dependent variables at the significant level of 5%. That is to say, the FE model could be more appropriate than the RE model. Standard errors in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001.
In all of the four models in Table 3 , the estimated coefficients of interaction terms between enrolment in pensions and income deciles indicate the difference in consumption between people participating in particular types of pension and non-participants, for particular income groups. With regard to the urban employees' pension system, participants tend to consume 4409 yuan more than non-participants in the fourth-quantile income group, 5249 yuan more in the fifth-quantile income group, and 3576 yuan more in the sixth-quantile income group, as demonstrated in the FE model. With regard to the urban and rural residents' pension, participants are inclined to consume about 900 yuan, 1386 yuan, 1696 yuan, 1599 yuan, 1074 yuan, 1588 yuan, 1090 yuan, 286 yuan, and 429 yuan more than those without any public pensions within the respective higher income quantiles. This is statistically significant for the third, fourth, fifth, and seventh-quantile income groups. In general, consumption is augmented most for lower income groups, like the third, fourth, and fifth quantile-income individuals.
In addition, household assets play critical roles in explaining the difference in household consumption. A one yuan increase in household assets led to a 0.01-0.02 yuan increase in household expenditure. This finding demonstrates the applicability of the absolute income and permanent income hypothesis. The results indicate an inverted-U-shape relationship between age and household consumption: consumption increases with age when individuals are young but decreases with age when individuals get older. Family size was negatively correlated with marginal consumption level, whereas the number of children was positively correlated with household consumption. These results are consistent with the life cycle hypothesis that demographics indeed have a significant role in explaining variations in household consumption.
The Effect of Pension Benefit on Household Consumption
Apart from participation, another key dimension evaluating public pension systems is the pension benefit. Table 4 shows panel data models with various estimations that explain the relationship between the amount of pension benefit and household spending for those who are eligible to claim pension benefits (sub-dataset). Likewise, the F test in the fixed-effect model suggests that individual effects do exist and the two-way fixed-effect model confirms that the time effect also exists, meaning there is a statistically significant difference between personal household consumption in 2011 and 2013. The Hausman test suggests that we cannot reject the null hypothesis that a random-effect model is reasonable. Standard errors in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001.
Although the estimated coefficients of pension benefits vary among different panel models, a trend could be identified after taking the coefficients of interaction terms into account. The coefficient of the interaction terms becomes negative as the income quantile increases, which implies that the impact of pension benefits on household consumption becomes smaller as income increases. This is especially obvious in the random-effect model. Results from model (4) in Table 4 , indicate that, compared with individuals in the first income quantile, one yuan increase in pension benefit for those in the third income quantile group was associated with 0.05 yuan less consumption, though it is not statistically significant. Meanwhile, the marginal propensity to consume decreases slightly by 0.02, and 0.03 for the fourth and the fifth income-quantile groups while it drops significantly by 0.07, 0.11, 0.08, 0.10, and 0.08 for the subsequent higher income groups, respectively, compared with the lowest income group. That is to say, as pension benefit increases, retirees in lower income groups tend to spend a higher proportion of the increase in pension benefit on consumption than retirees in higher income groups.
Moreover, a one-yuan increase in assets brings 0.01 yuan growth in consumption, which is consistent with the permanent income hypothesis. Similar to the result in model 2, Table 3 , household scale still has a negative impact on household consumption in models 1-4 in Table 4 , which could be attributed to the saving motivation for the future, and thus crowd out current consumption. Years of schooling has a statistically significant positive impact on household consumption (models 1 and 4, Table 4 ). According to the random-effect model, a one-year increase in education will lead to approximately 140 yuan increase in consumption, which might be explained as due to the more educated consuming beyond the basic level; for example, entertainment, training, and fitness. Additionally, Hukou status allows us to explain the variance of household consumption: people with non-agricultural Hukou tend to spend 904 yuan more on living expenditures than agricultural Hukou holders, as demonstrated in model 4, Table 4 .
Conclusions, Implications, and Limitations
In order to better answer the question of "how does the public pension system influence individual consumption in China", this paper constructs panel data models based on the latest and nationally representative CHARLS survey data conducted in 2011 and 2013. Public pensions in China are measured by two dimensional perspectives: one is the participation in various public pension systems, reflecting the coverage of public pension schemes; the other is the amount of pensions, reflecting the benefit level for retirees. The estimation of the effect of enrolment in different public pensions on household consumption shows that individuals participating in the urban employees' public pension system as well as the urban and rural residents' public pension system tend to consume more than their non-participating counterparts in respective income-quantile groups (see Table 3 ). Furthermore, the estimation of the effect of pension benefits on household consumption indicates that lower income groups have a larger marginal propensity to consume than higher income groups with every unit increase of retirees' pension benefits (see Table 4 ). Additionally, the results also suggest that the absolute income hypothesis, permanent income hypothesis and life-cycle hypothesis are applicable to explain the relationship between pension and consumption in China because the variables of income and assets, family size, and number of children are statistically significant in some of the models.
What implications we could obtain from the analysis are as follows. As is well known, domestic consumption, together with investment and net export, is one of the three main motives for economic growth. Economic development, in return, would increase the scope and the depth of public pension program, leading to a higher level of welfare and social equity. Such interactions among the public pension, domestic consumption and economic development guarantee the sustainability of a social program in the long run, eventually promoting the individual's welfare. The implication for future policy-making is that in order to achieve a virtuous cycle of a public pension system and economic development, it is necessary for China to enhance its pension system to cover the most economically vulnerable population (those in the lowest income group). This is because our analyses suggest that lower income groups tend to spend a higher proportion of pension benefit on consumption than higher income groups. Therefore, an increase in pension benefit is likely to have a larger effect on consumption for poor people. Specifically speaking, public pension systems should first cover the lowest-income group, not to leave out anyone in need. Additionally, guaranteeing government subsidies and raising pension benefits step by step, especially for the most vulnerable group, will ensure their confidence in the future and thus may boost consumption for socio-economically sustainable development.
Several limitations of this research deserve mention. Firstly, this research is only to predict the relationship rather than investigate the causal effect between public pensions and household consumption. As a consequence, reversed causality generated by endogeneity might be a potential threat to the validity of the conclusions in predicting results in such a survey data model [38] , although efforts have been made to minimize endogeneity by using panel data to eliminate unobservable heterogeneities and by controlling income groups to avoid self-selection of public pension schemes. Secondly, the dynamic relationship between public pensions and household consumption could not be fully captured due to the unavailability of data. It might be helpful to construct dynamic panel data models based on several waves of data to better fit the life-cycle theoretical framework in the future.
